The present work is concerned of numerical simulation of three dimensional laminar forced and mixed convection of two nanofluids; 2 3 -water and -water flowing through a horizontal tube submitted to a constant and uniform heat flux. Based on single-phase approach, three dimensional conservation equations of mass, momentum and energy with the appropriate boundary conditions have been solved using finite volume method with the schemes of spatial and temporal discretization of second order precision and by using the SIMPLER algorithm with the Tri-Diagonal Matrix Algorithm (TDMA). At a fixed Reynolds number = 300 and Grashof number equal to 0 and 5×10 5 . The results show an increase in heat transfer ratio compared to pure water at several volume fractions for both alumina and copper based nanofluids. At a fixed volume fraction = 4%, the axial Nusselt number does not increase significantly in forced convection case. However, in mixed convection case the axial Nusselt number augments considerably especially with -water nanofluid. On the other hand, secondary flow and axial velocity are slightly affected by nanoparticles volume fraction. It is proved in this study that nanofluids can also contributes to optimise pipes compactness, using 2% and 4% of alumina and copper respectively dispersed in water flowing through a pipe with given length gives higher axial Nusselt number ratio compared to pipes larger length but containing pure water.
Introduction
By his large capability of absorbing and transporting heat, the thermal fluid has a fundamental importance in the majority of thermal engineering applications. However, it is now well known that thermal characteristics of conventional thermal fluids such as (water, oil, ethylene glycol,) remain inadequate to guarantee a good efficiency. To overcome this disadvantage, Maxwell (1904) showed the possibility of increasing thermal conductivity by adding small solid particles to the base fluid. However, these particles with micrometer or millimeter dimensions were causing several problems such as pressure drop, sedimentation and clogging. However, by improving the technology, suspended metallic or nonmetallic nanoparticles change the transport properties and heat transfer characteristics of the base fluid. Choi and Eastman (1995) used for the first time the word "nanofluid" for nano-sized particles (usually less than 100 nm) that are uniformly and stably suspended in a liquid. Compared to the existing techniques for enhancing heat transfer, the nanofluids show a superior potential for increasing heat transfer rates in a variety of cases. Many researchers have carried out to investigate the heat transfer and flow characteristics of nanofluids, most of these researches, at first, were experimental studies. The considerable enhancement of heat transfer has been widely studied with 2 3 , 2 and water-based nanofluids in experimental systems. Xuan and Li (2002) investigated the heat transfer of -water nanofluid flowing in a circular tube in both laminar and turbulent flow regimes under constant heat flow. They obtained a 60% increase in the convective heat transfer coefficient compared to base fluid; this increase is proportional with Reynolds number. They have also linked this increase to the phenomenon of thermal dispersion. Wen and Ding (2004) conducted a study by varying the values of the volume concentration of 0.6 vol.% to 1.6 vol.%, while the diameters of the nanoparticles vary between 27 nm and Keywords : Nanofluid, Forced and mixed convection, Numerical simulation, Thermal conductivity, Horizontal pipe Benzeggouta, Boufendi and Touahri, Journal of Thermal Science and Technology, Vol.13, No.2 (2018) 56 nm. They noticed a development of the convective heat transfer coefficient as a function of the volume concentration and the Reynolds number. In addition, they noted that the coefficient of convective heat transfer has a maximum value at the entrance of the tube. Almohammadi et al., (2012) have considered a laminar flow of 2 3 -water (particles with 15 nm of diameter) in a circular tube. They noticed a development of the convective heat transfer coefficient of 11% to 20% with a volume concentration of 0.5 vol.% and 16% to 27% with a volume concentration of 1 vol.% compared to that of distilled water. However, the convective heat transfer coefficient decreases by lengthening the axial distance. Utomo et al., (2012) carried out an experimental and numerical study to investigate the thermal conductivity, viscosity and convective heat transfer of 2 3 -water and 2 -water flowing nanofluids in two horizontal cylindrical ducts with two diameters = 4.57 mm and = 10 mm. The thermal conductivity measured experimentally agrees well with the prediction of the Maxwell model for 2 3 -water, whereas for 2 -water the measured values are significantly lower than those predicted by the same model. For viscosity, the 2 -water measurements agrees well with the KriegerDougherty model and shows values higher than those of 2 3 -water which are underestimated by the Einstein-Batchelor model. For a mass fraction = 9%, the growth in the convective heat transfer coefficient is between 1.5% and 5% for 2 3 -water and between 0.5% and 12% for 2 -water at a given Reynolds number. The temperature profiles of the outer wall in case of 2 3 -water show a good agreement between the experimental and the numerical results and the temperatures on the upper wall are considerably high, compared to those of the lower wall because of natural convection effect. Likewise, a wide range of numerical studies has been carried out using different approaches and methods. Despite the fact that nanofluid is a two phase mixture, since the solid particles are very small size they are easily fluidized and can be approximately considered to behave as a normal fluid, (Xuan and Li, 2002) . The single phase assumes that the fluid phase and the particles are in thermal equilibrium and move with the same velocity, as mentioned by Das et al., (2008) . This approach is simpler and computationally efficient. Thus, it has been used in several theoretical studies of convective heat transfer with nanofluids. Maiga et al., (2004) studied numerically the heat transfer and flow of two types of nanofluid; 2 3 -water and 2 3 -ethyleneglycol in horizontal pipe submitted to a uniform heat flux. With a concentration of nanoparticles of 10 vol.%, the thermal conductivity k increases by 33%. At a concentration of 7.5 vol.%, the convective heat transfer coefficient increases by 60% compared to that of base fluid. The authors concluded that 2 3 -ethyleneglycol offers a significant enhancement in heat transfer coefficient compared to 2 3 -water. The disadvantage was the augmentation of the shear stress increasing the volume concentration of the nanoparticles. Akbari and Behzadmehr, (2007) and Akbari et al., (2008) studied the mixed convection of a nanofluid 2 3 -water in a horizontal tube subjected to a uniform heat flux. The tube is of length 1.96 m and diameter 0.02 m. At a given Reynolds number 300 and a volume concentration range between 0, 2 and 4 vol.%, and two values of the Grashof number 50000 and 700000. The nanoparticles volume concentration does not influence the axial velocity profiles. On the other hand, its effect on the convective heat transfer coefficient is positive, an increase of 9% at a volume fraction of 2 and 15 vol.% at a volume fraction of 4% in the two values of the Grashof number. The friction coefficient is affected by the increase of the volume fraction, its value decreases in the case of = 700000, in the case of = 50000 the effect of the volume fraction is negligible. Behzadmehr et al., (2007) carried out a numerical study of a -water nanofluid with a volume concentration of 1 vol.%. The results showed a 15% increase in the number of Nusselt. Bianco et al., (2009) studied numerically laminar forced convection of alumina-water nanofuid in a horizontal heated pipe, dispersed phase model has been used as well as single phase model, constant and temperature depended properties has been also tested. At a Reynolds number in order of 250 and a volume fractions of 1 vol.% and 4 vol.%, results show a noticeable increase of Nusselt number at = 4% especially in case of dispersed phase model and temperature depended properties.
The aim of the present paper is to study numerically laminar forced and mixed convection of two nanofluids flowing in a horizontal pipe submitted to a constant and uniform heat flux. Conservation equations have been solved using finite volume method with second order precision. The effects of Grashof number, volume fraction and nanoparticles type have been investigated at a fixed Reynolds number. Therefore, the secondary flow, axial velocity, temperature contours and axial Nusselt number are presented for pure water, alumina and copper water based nanofluids for different values of Grashof number and multiple volume concentrations. Figure 1 . shows a horizontal pipe having inner diameter = 0.01 m and outer diameter = 0.01178 m and 1.05 m of length submitted to a uniform heat flux. At the pipe inlet, the nanofluid temperature is equal to 25°C and the Poiseuille Benzeggouta, Boufendi and Touahri, Journal of Thermal Science and Technology, Vol.13, No.2 (2018) profile is considered. The properties of the fluid are constant except for the density, which varies linearly with the temperature (Boussinesq's approximation), while dissipation and pressure work are neglected. Using the single phase approach, ultrafine solid particles (< 100 nm) are considered to fluidise easily owing to their non-sedimenting nature, so the nanofluid behaves like a single phase fluid (Ebrahimnia-Bajestan et al., 2011 , Al-Rached et al., 2017 , Benkhedda et al., 2017 . With these assumptions, the non-dimensional conservation equations are written as follows.
Geometry and mathematical formulation
(1) Fig. 1 Geometry of the problem Momentum equation
Physical properties of the nanofluid
Thermo physical properties of nanofluids are calculated from different mathematical models available in the literature. Density
L r z θ Benzeggouta, Boufendi and Touahri, Journal of Thermal Science and Technology, Vol.13, No.2 (2018) Thermal expansion coefficient
This model was introduced by (Khanafer et al., 2003) . Thermal conductivity This is the model of Hamilton-Crosser (Hamilton and Crosser., 1962) . Where n is the shape factor, it was considered equal to 3 for spherical nanoparticles.
Viscosity This is Brinkman's (Brinkman, 1952) model of effective viscosity.
Boundary conditions
The boundary conditions in non-dimensional form are as follows: -At the tube inlet 0  * z : In the fluid domain:
In the solid domain:
-At the pipe axis:
On the duct axis, we consider, according to the nature of the problem, that the velocity components * , * , * and the temperature * have finite values. So, mathematically, their first derivatives and their second derivatives are null. We use the case of the nullity of the second derivatives, which allows us to avoid singular points on the axis. This dynamic condition applies in the case of cylinders. Benzeggouta, Boufendi and Touahri, Journal of Thermal Science and Technology, Vol.13, No.2 (2018) Along the angular direction, the periodic conditions are imposed. The heat transfer is notified by the Nusselt number, which reflects the relative ratio of convective to conductive heat transfer, the Nusselt number will be reported to the outer surface of the outer cylinder. At the solid-nanofluid interface, the local Nusselt number is defined as: 
The axial Nusselt number ( * ) is defined as:
The average Nusselt number is defined as:
Numerical resolution
Finite volume method is used to solve the differential equations system (Patankar, 1980) . Temporal discretization of the derivation terms follow backward Euler scheme (Eymard et al., 2006) while convective non-linear terms follow Adam Baschfort scheme (Lomax and Pulliam, 1999 ) with a truncation error about ². The spatial discretization of diffusive terms and the pressure gradients follows the implicit second order central difference scheme. The obtained system of linearised algebraic equations are solved by using SIMPLER algorithm with step time of ∆ * = 10 -4 marching is continued until the steady state is attained and confirmed by the satisfaction of mass and energy balance in the * , * , * directions (Benkhedda et al., 2017 , Touahri et al., 2012 . Grid dependence test has been already tested in a previous numerical study by (Boufendi et al., 2005) using four grids 26×22×42, 26×44×83, 26×44×162 and 26×88×162. The suitable grid for this study is a 26×44×162 points in radial, azimuthally and axial directions respectively, 5 nodes are located in the small solid thickness. The computer code has been successfully validated by comparing the results obtained for the development of the axial Nusselt number with the experimental and numerical data as illustrated in Fig. 2 , which shows the comparison of the axial Nusselt number variation in case of pure water with two different studies (Wen and Ding, 2004) and (Ouzzane et al., 1999) . 
Results and discussion
Results are obtained at a Reynolds number = 300 and different Grashof numbers 0 and 5×10 5 and volume fractions 0, 2, 4, 6 and 8%. For the brevity of the article and avoid a long article, we are comparing between base fluids and nanofluids at = 4%. Adding 4% volume of solid nanoparticles increases the thermal conductivity of base fluid but does not have a considerable effect on the strength of the secondary flow which preserve the same structure compared to base fluid (water) at a given Grashof and Reynolds numbers ( = 5×10 5 and = 300). Such as illustrated in Fig. 3 , the secondary flow vectors are presented at axial position * = 7.12 where it takes a maximum value for pure water, 2 3 -water and -water nanofluids.
Secondary flow

Hydrodynamic field
In the forced convection case ( = 0) with a parabolic profile at the entrance, the axial velocity exhibit concentric circular contours through the all pipe and the flow field is axisymmetric. The axial velocity at a given section, takes a maximum value at the pipe axis and a minimum value (0) at the internal wall of the pipe. For pure water, the value of non-dimensional axial velocity obtained at the pipe centre in the outlet is about 1.9552. However, for alumina and copper nanofluids at = 4%, the non-dimensional axial velocity is about 1.9572 which are almost the same. In mixed convection case, the configuration of the flow changes automatically. The cylindrical symmetry is destroyed and the axial flow is influenced by the conjugate heat transfer between the wall and the fluid. The generated secondary flow affects the principal axial flow that is dependent on the temperature distribution within the pipe. However, the addition of nano-particles does not affect the axial velocity profiles which are nearly identical compared to pure water as the same as forced convection case. 
Thermal field
In the reference case which corresponds to forced convection, the thermal field is axisymmetric and the isotherms, at given section, are concentric circles with a maximum temperature on the pipe wall and a minimum at pipe axis ( * = 0).
Adding solid nanoparticles with a specified volume fraction increases the thermal conductivity of the base fluid. Therefore, the nanofluids absorb more the heat generated from the internal wall of the tube. As a result, the bulk temperature of the nanofluid increases with the volume fraction of solid particles, meanwhile the wall temperature decreases. Comparing between copper and alumina based nanofluids one noticed a slight decrease in wall temperature case of using copper nanoparticles compared to alumina nanoparticles due to higher thermal conductivity of copper solid particles. Thermal fields in case of forced convection ( = 0, = 300) are shown in Fig. 6 for pure water, alumina and copper water based nanofluids at volume concentration = 4%. Increasing Grashof number (mixed convection case), a transverse flow exists and thus changes the axisymmetric distribution of fluid and pipe wall temperature and gives it an angular variation, the hot fluid near the pipe wall moves upwards under the buoyancy force effect, and the relatively cold fluid descends down in the middle of the pipe. This movement of the secondary flow is a result of the azimuthally temperature variation. Adding 4% of alumina and copper nanoparticles volume concentration influences on the temperature distribution, at pipe exit ( * = 105) it is noticeable that the minimal value of the temperature goes further far from the centreline, while the wall temperature gets more warmer and the maximal value of the temperature becomes more oriented to the top of the cross section. Figure 7 . illustrates the development of the thermal field at tube exit ( * = 105) with = 300 and = 5×10 5 for pure water, alumina and copper water based nanofluids at volume concentration = 4%.
Heat transfer
Heat transfer has been characterised in terms of circumferentially Nusselt numbers calculated at the inner wall of the pipe. The axial Nusselt number ( * ) is obtained by Eq. (16). In forced convection case, at pipe entrance, the axial Nusselt number falls down rapidly in a short area because of higher difference between wall and bulk temperature. Going downstream, the temperature difference becomes stable and this induces a slow decrease in axial Nusselt. Figure 8(a) shows the axial variation of Nusselt number at = 300 and = 0 for pure water, 2 3 -water and -water at = 4%. At = 5×10 5 , the axial Nusselt number falls down and reaches a minimum value at * = 4, after this point, it
increases by the effect of Grashof number to reach an asymptotic value farther downstream where the difference − becomes constant. The introduction of nanoparticles at a volume fraction of 4% reduces the temperature difference − . In result, this increases the asymptotic Nusselt number. Copper-based nanofluid shows a slightly higher heat transfer ratio compared to alumina nanofluid in both forced and mixed convection cases, which explains that higher thermal conductivity of copper nanoparticles does not influence totally in heat transfer. Figure 8(b) , shows the axial variation of Nusselt number at = 300 and = 5×10 5 for pure water, 2 3 -water and -water at = 4%. However, the local Nusselt number at = 5×10 5 is illustrated in Fig. 9 , and the different values of average Nusselt number are exposed in Table 2 . 
Pipe material optimisation
As mentioned above, nanofluids can be used in several engineering applications such as heat exchangers, solar collectors and cooling electronic devices. The use of nanofluids reduces pipes' length which optimizes the efficiency and the compactness of any thermal device. In the present study, we compared three pipes having different lengths 105, 120 and 135 cm. It is noticed that using -water at = 2% and 2 3 -water = 4% in a 105 cm stainless steel tube gives a better heat transfer ratio compared to 120 and 135 cm tubes respectively containing pure water flowing within in both forced and mixed convection cases. Figure 10 . and Fig. 11 illustrate the axial Nusselt number for multiple tube length, and 
Conclusion
Laminar forced and mixed convection for alumina-water and copper-water nanofluids flowing inside a horizontal pipe has been studied numerically. The results reveal that nanoparticles concentration does not have significant effect on the secondary flow pattern and the axial velocity. The fluid temperature is affected directly because of increasing the thermal molecular diffusion. In forced convection case, the effect of solid nanoparticles on axial Nusselt number is not significant which provides a growth about 5.2% and 8.6% for 2 3 -water nanofluid and about 5.4% and 12% for -water nanofluid at 2% and 4% volume fractions respectively compared to pure water. on the other hand, in mixed convection case the introduction of solid nanoparticles shows a significant enhancement in axial Nusselt number in particular with Copper nanoparticles based nanofluid where an increase about 6.1% and 13%. However, for 2 3 -water nanofluid an increase about. 5.2% and 11.9% at 2% and 4% volume fractions respectively. It is well proved in this study that alumina and copper-based nanofluids gives an apparent improvement in heat transfer compared to pure water. But, despite the higher thermal conductivity of copper, the latter does not offer the same superiority in heat transfer. It is also possible to reduce pipe's length in order to obtain a compact device by using alumina and copper nanofluids with only 2% volume fraction in a stainless steel pipe = 1.05 m instead of 1.20 and 1.35 m tubes. 
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